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Abstract  
Landfill leachate control is an indispensable part of metropolitan solid waste management that forms an integral part 
of urban infrastructure. To insure the preservation of the ecosystem and public health, leachate generated requires 
remediation and disposal in an environmentally safe approach. Leachate generation and characteristics depends on 
the phases of degradation of the waste in a landfill, which follow a sequence of time as well as prevailing 
environmental conditions. Once contamination occurs remediation of a polluted environment are costly and 
extremely irrecoverable to its original quality. Leachate treatment systems have been applied to decontaminate the 
effluent such that it can be disposed of safely into the environment without negative consequence. Although single 
process treatments are effective for the remediation of pollutants generated in leachate, a combination physico-
chemical treatments or physico-chemical and biological process is necessary for an ideal remedy of stabilized landfill 
leachate. Combined systems are required to attain an efficient removal of NH3-N and COD with a significant 
measure of biodegradable organic matter. 
Keywords—Leachate treatment, physical-chemical treatment, biological treatment, combined treatment 
 
1.  Introduction 
Sanitary landfills are designed waste conservation systems encompassing high-technology processes and applied to 
dispense with the solid waste generated from municipal or industrial activities. In developed nations, waste disposal 
does not only rely on sanitary landfills but extended to concept of waste minimization such that the waste that 
reaches the landfill is eventually minimized. Sanitary landfills in developing countries are susceptible to problem of 
technological and economic constraints. Landfills that are built with layers of solid waste were deposits and covered 
with soil or other types of covering materials. Landfills constitute a problem in waste disposal because they produce 
leachate. Leachate is generated from the biochemical reaction that occurs within the waste deposit as it undergoes 
physical, biological, and chemical decomposition under aerobic and anaerobic conditions [1-3]. It usually constitutes 
of dissolved contaminants, volatile organic acids, toxic heavy elements, and high concentrations of organic matter, 
chemical oxygen demand (COD), ammonia nitrogen, and biochemical oxygen demand (BOD). and may pose a 
critical threat to the environment and to public health if necessary control is not applied prior treatment; resulting in 
soil contamination and water bodies especially the rivers, lakes and groundwater that hold 0.016%, 1.5%, and 22.3%, 
of the earth’s freshwater respectively. Almost all conventional leachate treatments involve high-technology processes. 
Such processes are considered to contribute to high initial and operational cost, generation of waste residue, and 
less adaptability to a wide variety of pollutants, among others. Selecting and designing a suitable leachate treatment 
system are difficult because of the dissimilarity in the amount and characteristics of leachate produced from landfill to 
landfill, especially as the landfills age [4-6]. Inconsistencies between landfill leachates are due to their 
hydrogeological conditions, locations, and environmental contributors. Hence, landfill leachates from different landfills 
and their respective treatment must be processed appropriately per the characteristics of each site [7,8]. Leachate 
treatment is necessary to prevent ground and surface water pollution although pollutant level generally decreases 
with landfill age. 
2.  Types of Sanitary Landfills 
Basically there are three common types of sanitary landfills in use; Anaerobic, semi-aerobic and aerobic landfills. 
Anaerobic sanitary landfill: At this site, solid waste is covered with soil layer in multiple layers. Solid waste is allowed 
in anaerobic condition. This type of landfill is a common type used for solid waste decomposition [8]. However, this 
system is potentially giving bad effects to the environment because of the production of toxic substances and high 
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concentration of organic matter such as pathogen. More, methane and carbon dioxide also produced from this landfill 
type and contribute in global warming. 
 
Figure 1: Schematic of a typical Anaerobic Landfill structure 
(Source: http://www.lpru.ac.th/teacher_website/upa/) 
 
Semi-aerobic sanitary landfill: This landfill type possesses larger leachate collector pipes compared to anaerobic 
sanitary landfill site. Pipes are covered with gravel to create natural ventilation system along the pipeline. This type of 
landfill is designed with installation of pipeline underneath the site. This pipe functions in collecting leachate and 
allows the dissipation of outdoor air into the buried solid waste. Oxygen’s from outside flows into solid waste by the 
different air pressure in pipes. Gravel is used to cover the pipe and allows maximum oxygen flow inside solid waste, 
so that the decomposition process will occur rapidly and the leachate produced is in lower concentration amount. 
Collector pipe with larger diameter, small size of gravel is better to be applied [8]. Normally, leachate collector pipe 
diameter is per the volume of precipitation and topography of the landfill site. 
 
 
Figure 2: Schematic of a typical Semi-aerobic Landfill structure 
(Source: http://www.lpru.ac.th/teacher_website/upa/) 
 
Aerobic landfill: Ventilation pipes are added to the leachate collector pipe to supply air into the solid waste layer. By 
this installation, aerobic landfill site became more aerobic with adequate oxygen supply compared to semi-aerobic 
landfill. Aerobic landfill system is the technique of air addition into landfill and recycled leachate to maintain of air 
humidity and nutrient supplied for microorganism. This situation helps microorganism degrade the waste and organic 
matter to humic substances. There are several advantages for this type of landfill, because of a higher amount of 
bacteria inside solid waste layer compared to anaerobic landfill site [8]. Most of bacteria inside aerobic landfill help in 
stabilizing the decomposition process without affecting the environment 
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Figure 3: Schematic of a typical Aerobic Landfill structure  
(Source: http://www.lpru.ac.th/teacher_website/upa/ 
 
3.       Legislation and Regulations  
 
The legislation that is associated with the determent, mitigation, regulation of pollution and improvement of the 
environment in Malaysia is the Environmental Quality Act, 1974 (see table 1). The Act specifies the discharge of 
wastes into the environment in breach of the allowable conditions. 38 sets of Regulations and Orders have been 
introduced and enforced, and the environmental quality (control of pollution from solid waste transfer station and 
landfill) regulations 2009 is applicable to solid waste transfer stations and landfills that can discharge leachate [9-11]. 
The Director General of Environmental Quality was assigned by the Minister to administer this Act and any 
regulations and orders made thereunder. Guidelines for leachate discharge onto or into any soil, inland waters or 
Malaysian waters have been shown in the second column of the second schedule (Regulation 13). 
 
Table 1: Acceptable Conditions for Discharge Of Leachate 
 (1) 
Parameter 
(2) 
Unit 
(3) 
Standard 
(i) Temperature 
o
C 40 
(ii) pH Value - 6.0-9.0 
(iii) BOD at 20
o
C mg/L 20 
(iv) COD mg/L 400 
(v) Suspended Solids mg/L 50 
(vi) Ammoniacal Nitrogen mg/L 5 
(vii) Mercury mg/L 0.005 
(viii) Cadmium mg/L 0.01 
(ix) Chromium, Hexavalent mg/L 0.05 
(x) Chromium, Trivalent mg/L 0.20 
(xi) Arsenic mg/L 0.05 
(xii) Cyanide mg/L 0.05 
(xiii) Lead mg/L 0.10 
(xiv) Copper mg/L 0.20 
(xv) Manganese mg/L 0.20 
(xvi) Nickel mg/L 0.20 
(xvii) Tin mg/L 0.20 
(xviii) Zinc mg/L 2.0 
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(xix) Boron mg/L 1.0 
(xx) Iron mg/L 5.0 
(xxi) Silver mg/L 0.10 
(xxii) Selenium mg/L 0.02 
(xxiii) Barium mg/L 1.0 
(xxiv) Fluoride mg/L 2.0 
(xxv) Formaldehyde mg/L 1.0 
(xxvi) Phenol mg/L 0.001 
(xxvii) Sulphide mg/L 0.50 
(xxviii) Oil and Grease mg/L 5.0 
(xix) Colour ADMI* 100 
*ADMI - American Dye Manufacturers Institute 
Source: Environmental quality (control of pollution from solid waste transfer station and landfill) regulations 2009. 
PU(A) 433/2009. 10 December 2009.Second schedule. (Regulation 13) 
 
4.     Leachate Generation 
 
It is paradoxical that the main hazard to the environment from landfills that receive solid waste originates as liquid. 
Diverse leachates are produced by the organic dissolution and densification   of wet refuse, but the majority is 
produced by infiltration from precipitation, evaporation, surface runoff, storage capacity etcetera. The infiltration takes 
place primarily during the landfills operational life, but the water may also enter in small amounts after closure due to 
leakage through the cap. This leachate (liquid) takes several years percolating through the landfill interacting with 
paints, spent petroleum products, pesticides and multitude of other items that contribute to make up the landfill. 
During this passage inside the landfill as well Aerobic and anaerobic degradation takes place under suitable 
conditions within the landfill.  
During aerobic degradation, Organic substances are predominantly of finite duration owing to the high oxygen 
demand of waste in comparison to the insufficient amount of oxygen available inside a landfill.  The landfill layer 
taking part in aerobic metabolism is the upper layer only wherein oxygen is contained in fresh waste and is 
transferred by diffusion and precipitation. Proteins in this phase are degenerated into amino acids, consequently into 
carbon dioxide, water, nitrates and sulphates. Carbohydrates are changed to carbon dioxide and water and fats are 
hydrolyzed to fatty acids and glycerol and subsequently broken down into simple catabolites by means of transitional 
generation of volatile acids and alkalis. Cellulose, which comprise most organic fraction of wastes, is degenerated 
with the assistance of extracellular enzymes into glucose which later is used by bacteria and changed to carbon 
dioxide and water. In this period, because of the exothermal response of biological oxidation, elevated temperatures 
may be reached when the waste is relatively not compacted. Generally, the aerobic phase is rather brief and no 
significant leachate generation will occur. In landfills that are very old, wherein no more than refractory organic carbon 
persist in the landfilled wastes, a second aerobic phase may emerge in the surface layer of the landfill. At this phase 
the methane output rate is so little that air will commence diffusing from the surroundings, resulting in aerobic zones 
and zones with redox potentials unfavourable for methane formation [12-14]. 
In the anaerobic degradation of waste about three diverse phases can be ascertained. The initial phase of anaerobic 
decomposition involved acid-fermentation, which creates a reduction in leachate pH, excessive concentrations of 
volatile acids and elevated concentrations of inorganic ions. The high amount of sulphates at the beginning may 
gradually be decreased as the redox potential drops and metal sulphides are progressively produced that are of low 
solubility and precipitate iron, manganese and additional heavy metals that have been liquefied by the acid-
fermentation [15,16]. The lowering in pH is because of the high yield of volatile fatty acids and the elevated partial 
pressure of CO2. The elevated concentration of anions and cations is because of lixivia process of readily soluble 
material consisting of primary waste constituents and decomposition outputs of organic substances. Initial anaerobic 
processes are induced by a collection of heterogenous anaerobic microbes, composed of purely facultative anaerobic 
bacteria and anaerobic bacteria. 
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Figure 4: Demonstrations of generation of leachate and gas in a landfill cell [16] 
 
The facultative anaerobic bacteria minimise the redox potential thus methanogenic bacteria can develop. The latter 
are responsive to the existence of oxygen and need a redox potential below -330 mV. Leachate emanating at this 
phase is distinguished by high BOD 5 values (> 10.000 mg/l), high BOD /COD ratios (above 0,7) and acidic pH 
values (5 - 6) and high ammonia (500-1.000 mg/l) [17], The second transitional anaerobic stage (Figure 1) begins 
with gradual increase of methanogenic bacteria. This increase may possibly be hindered due to surplus of organic 
volatile acids that is lethal to methanogenic bacteria at concentrations of 6.00016.000 mg/litre [18,19]. The 
concentration of methane in the gas increase, while carbon dioxide, volatile fatty acids and hydrogen decrease. In 
addition, the amount of sulphate decreases due to biological reduction reaction. 
Fatty acids transformation causes a rise in pH level and alkalinity with subsequent reduction in solubility of heavy 
metals, manganese and calcium. In the anaerobic environment ammonia is released without conversion. At the 
succeeding phase in the anaerobic degradation, the (Phase IV, Fig. 1) methanogenic fermentation is induced by 
methanogenic bacteria. The pH levels tolerable by the methanogenic bacteria is greatly restricted and vary from 6 to 
8. At this period, the leachate comprises of volatile fatty acids in low concentrations, moderate pH values and total 
dissolved solids at the same time as the methane content of the biogas becomes on average more than 50% 
indicating the decrease in dissolution of most of the organic components at that stage of landfill operation. Whilst 
waste stabilization proceeds for more years and decades. The BOD/COD ratio becomes relatively low at this stage. 
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5.      Factors Affecting Leachate Generation 
 
Leachate is generally composed of organic and inorganic materials. And the composition varies from landfill to landfill 
due to factors such as type of waste composition, age of the landfill, site weather/climatic variations. 
Landfill Age: The age of the landfill have great influence in the constituents of the leachate. Landfills which are less 
than five years old are in the acidogenic phase. Thus they contain large quantity of biodegradable organic matter 
which can undergo anaerobic fermentation facilitated by the moisture content of the landfill yielding to the production 
of volatile fatty acids.  
Climate /Seasonal weather variation: moisture content variation influences the output of leachate to a great extent 
in terms of its quality and quantity. High amount of precipitation increases the moisture content as well as the quantity 
of leachate effluent. 
Composition of waste deposit: The composition of the waste deposit determines the quality of the leachate 
effluent. Organic material constituents normally are normally from kitchen waste and some agricultural waste. 
Inorganic waste materials are normally materials such as glass, plastics and metals etcetera. Waste composition 
mirrors the type of waste generation sources. Thus different landfills have different ratios of organic and inorganic 
materials.  
6.      Leachate mitigation 
Some of the symptoms of inadequate management and control of leachate is the occurrence of surface and 
groundwater contamination. For sustainability to be achieved, it becomes imperative to consider all aspect of 
mitigation of leachate emission into the environment. The control scheme would involve control of the waste and 
water input to the landfill, the landfill itself and the leachate output. Some studies have shown that the first level for 
solid waste management is source reduction in waste generation where for example manufactures are pressured to 
produce recyclable product packaging or encouragement for citizens to participate in source reduction as well as 
adopt recycling. Recycling at the second level are also effective in development of resource recovery industries for 
the manufacture of secondary material, and government is tasked with market development for secondary materials 
by creating incentives for example tax exemption for recycle products. The third stage in waste mitigation is energy 
recovery or waste combustion using energy plants to generate power. Any waste reduction process can play a vital 
role in reduction of leachate generation as the landfills may have less amount of waste which potentially could 
produce leachate. Leachate quality can be influenced by the biochemical reaction taking place due to biodegradable 
waste deposit in the landfill reactor [20,21]. Enhancement of the methanogenic process (methane generation) as 
opposed to liquid accumulation would be an effective reactor control approach.  
7.     Leachate control strategy 
The most desirable way of controlling landfill leachate pollution in the environment is by way of suppression against 
escape, at any instance that leachate get into groundwater it will be both irremediable to its original purity and then 
costly to venture in decontamination of the groundwater. And in many conditions, it is very remote to consider that the 
contaminated groundwater would be restored to a very satisfactory state. The requirement for control of leachate 
production for a specific landfill is based on the potential pollution problems at that field. The choice of a landfill site 
has significant influence over the leachate quantity, quality and its movement such that control equipment’s may not 
be necessary. Selection of a site plays important effect on the requirement for leachate control and sufficient study 
must be carried out to assess the effectiveness of a site for waste disposal.  The addition of leachate control process 
may be applicable for unsuitable sites be used for the disposal of solid wastes. Leachate control should be 
premeditated during landfill design and development as opposed to post construction period, especially if control 
measures would be implemented underneath the waste to prevent leachate migration. Controlling measures normally 
are liners, drainage collection, treatment of the leachates and groundwater monitoring to warrant safety and continuity 
(see figure 2). Liners are installed layer of barriers against infiltration or flow of leachate into the environment 
(especially groundwater). The land intended for landfill development would be studied thoroughly in advance to 
ensure adequacy of the underlying soil foundation to support the loading of the waste materials [22]. The main 
materials usually selected for the construction of the layer materials are earthen materials (soils such as bentonite 
with substantial clay mineral constituents) having negligible permeability and geosynthetic materials. The two 
categories of materials may be used simultaneously or separately to accomplish required operation or regulatory 
specification. The typical linings are illustrated in figure 3. 
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Figure 5: Illustration of a Sanitary landfill leachate control measures 
(source: www.unep.or.jp/ietc/ESTdir/Pub/MSW) 
 
The collected leachate may require treatment to meet discharge standards. The main problem in leachate treatment 
is due to their transformation as the landfill stabilizes over time. Leachates tend to change from being biodegradable 
to nonbiodegradable after about two to eight years after landfilling [7]. The type of treatment to be adopted is greatly 
influenced by the age of the landfill. 
8.       Leachate treatment 
When landfill leachate has been collected, it may be necessary to apply appropriate treatment to meet up with 
necessary regulatory environmental discharge standard. Several options for leachate treatment are available. The 
type of treatment adopted is influenced by the conditions of the site. The common conventional treatment options can 
be restated as leachate recirculation, biological treatment, physical-chemical treatment and wetland treatment. 
One of the unsophisticated manner of treatment is carried out by leachate recirculation [23]. Due to the action of the 
landfill to behave as an anaerobic biological reactor, recirculation of the leachate inside the reactor enables additional 
degradation biologically and physico-chemical remediation of the outstanding undegraded inorganic and organic 
leachate constituents. This diminishes the precarious nature of the leachate, and even distribution of moisture in the 
landfill further enhancing the volume of gas produced by the landfill and more efficient treatment of the waste 
components could be envisaged.  
Biological treatment processes play a critical role in the mitigation of landfill leachate. Optimizing the growth of 
microorganisms, biodegradable organics can be treated efficiently. In biological processes, colloidal, dissolved 
carbonaceous organic matter and inorganic element such as nitrogen, phosphorus, sulphur, potassium, calcium and 
magnesium can be converted into cell tissue or various gases as a product of metabolism [24]. Typically, biological 
treatment processes include activated sludge systems, aerobic lagoons, rotating biological contactors, and some 
anaerobic treatment systems.  
The underlying principle of activated sludge systems is that aerobic microorganisms can be used for the 
biodegradation of organic matter. The leachate is mixed with re-circulated sludge biomass and aerated in an open 
tank by diffusers or mechanical aerators.  
Aerobic lagoons which sometimes referred to as aerated ponds, are very shallow basins that treat wastewater with 
the use of algae and bacteria. The microbiology of aerated lagoon processes is essentially the same as for activated 
sludge processes. Temperature can significantly affect lagoons due to the large surface area. In general, aerated 
lagoons can only treat low-strength leachate and are, therefore, best suited as a polishing step used in conjunction 
with other treatment approaches. 
Rotating biological contactors (RBC) consist of a series of closely spaced light weight plastic discs mounted on a 
horizontal shaft supported in a semi-circular or trapezoidal tank. These discs are submerged in a wastewater tank 
and slowly rotated. Microorganisms from the wastewater adhere to the plastic disc surfaces and then form biofilms. 
When the disc rotates out of the wastewater, the biofilm is exposed to air, thereby maintaining aerobic conditions. 
After reaching a critical thickness, portions of the biofilm slough off the discs due to gravity and the shear forces 
generated by the rotating action. RBC treatment was commerciali ed during the early 1960’s for municipa l and 
industrial wastewater treatment, and was tested for landfill leachate in the mid-1980’s, in US [25]. Studies have 
indicated that RBC treatment has been successfully used in reducing influent landfill leachate COD levels 
significantly.  
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Anaerobic biological treatment processes have also been demonstrated to be effective in reducing organic loadings 
from landfill leachate. Contrary to aerobic processes, anaerobic digestion conserves energy and produces very few 
solids, but suffers from low reaction rates. These anaerobic processes use microorganisms in the absence of oxygen 
to convert organic compounds in the leachate to methane gas [25]. A number of studies have reported its application 
at the laboratory-scale and at full-scale. In a study, [26] obtained average total COD removal efﬁciencies of 86–97% 
with an influent concentration of COD 4 kg COD/m
3
d for treating food industry wastewater using anaerobic treatment. 
[27] used an up-flow multistage anaerobic reactor (UMAR) system and achieved between 77.5–92.0% COD removal 
efficiencies with optimum hydraulic retention times of 6 hours at organic loading rates ranging between 10.2–40.0 kg 
COD/(m3 d). Based on the reports, it was noted that the treatment efficiencies of anaerobic processes depend on the 
influent concentrations, reactor style, and hydraulic retention time.  
Leachate biodegradation using biological treatment processes can primarily reduce high concentrations of organic 
compounds present in the leachate. However, many organic compounds or other constituents such as metals cannot 
be mitigated using biological processes. Physical and chemical approaches are used along with the biological 
processes mainly to make the treatment effective when biological oxidation processes are negatively affected by the 
presence of bio-refractory compounds such as heavy metals. 
  
 
Figure 6: Illustration of leachate treatment 
Hence, the sequential combination of physical, chemical and biological methodologies is often necessary for the 
successful treatment of landfill leachate [28]. Detailed design and procedure of biological waste water treatment 
operations have been treated in literature [29,30]. 
Compared to the biological treatment, physical-chemical processes are easier to automate and require less time in 
order to treat the wastewater. These techniques are also less sensitive to temperature variations. Physical and 
chemical processes include chemical precipitation, chemical coagulation-flocculation, chemical oxidation, ion 
exchange, adsorption and membrane processes [30].  
Chemical precipitation can remove dissolved and suspended solids from a wastewater via sedimentation through the 
addition of chemicals to alter the physicochemical state of the solids. Over the years, a number of different 
substances have been used as precipitants. The most commonly used inorganic chemicals in chemical precipitation 
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include aluminium chloride, calcium hydroxide (lime) and ferric chloride. Chemical precipitation can reduce the levels 
of total suspended solids (TSS), BOD, phosphorus and heavy metals in wastewater. [31-36]. 
Chemical coagulation-flocculation is the chemical destabilization of colloidal particles in wastewater to bring about 
their aggregation during flocculation. The coagulant is the chemical that is added to destabilize the colloidal particles 
in the wastewater such that floc formation can result. A flocculent is a chemical, typically organic, which can enhance 
the flocculation process [30]. Coagulation with alum or ferric chloride can remove iron and colour. [37-40] reported 
that COD removal from an industrial polymer effluent using a coagulation-flocculation process achieved between 10 
and 98% in COD removal at pH range between 6 and 8.   
Chemical oxidation in wastewater treatment typically involves the use of oxidizing agents (oxidants) to oxidize the 
organic contaminants. Ozone, permanganate,  oxygen, chlorine dioxide, hydrogen peroxide and chlorine are typical 
oxidants. Chemical oxidation is effective for the treatment of wastewaters containing soluble organics which cannot 
be removed by physical separation, as well as for non-biodegradable and toxic substances. In general, efficient 
treatment via chemical oxidation has been shown to be very effective for reducing COD in leachate [41-43].  
Membrane processes usually consist of microfiltration, ultrafiltration, nanofiltration and reverse osmosis. The basis of 
these processes is that higher molecular weight organics cannot pass through when pressured wastewater is forced 
through the membrane. Reverse osmosis systems are the most widely used membrane process for leachate 
treatment. The drawback of membrane processes is that the membranes are susceptible to fouling due to the 
formation of biological slimes. Their construction and operation are very costly compared to traditional biological 
treatment processes[44-48].   
Ion exchange processes involve the displacement of a given ion from an insoluble exchange material by other ionic 
species in solution. The most common use of this process is in domestic water softening. Prior to ion exchange, the 
leachate needs to be clarified by coagulation/flocculation/precipitation to remove suspended solids and non-aqueous 
liquids. Ion exchange is generally not recommended for any leachate containing over 2500 mg/L of dissolved 
solids[48-50].   
Adsorption is the method of accumulating substances existing in solution on a suitable interface [30]. Adsorptions are 
a superficial phenomenon and defined as an increase in concentration of a particular component at the boundary or 
interface between two phases. The compound (contaminant) that attaches or adheres to the solid interface is called 
as adsorbate and the solid surface is known as adsorbent. The adsorption is affected by temperature, nature of the 
adsorbate and adsorbent material, presence of other pollutants and other atmospheric and experimental conditions. 
Adsorption phenomena can be classified into two types depending on the nature of the bonding between the 
molecules of the adsorbate and the surface of adsorbent, namely chemisorption and physisorption. Both types take 
place when the molecules in the liquid phase (sorbate) become attached to the surface of the solid phase (adsorbent) 
as a result of the attractive forces at the adsorbent surface overcoming the kinetic energy of the adsorbate molecules 
[51-54]. 
Physical chemical treatment method is usually applied alongside biological method for leachate which contains 
recalcitrant non-degradable organic matter, and usually applied as pre-treatment or post-treatment method. Some 
physico-chemical processes have also been explained from literature [55,56].  
 
9.      Emerging Technique for Leachate Treatment 
 
Because of high content of contaminants (COD, ammonia nitrogen (NH3-N) and heavy metals) that are found in 
leachate, it presents an obstacle in the process of an effective treatment. The biological treatment of landfill leachate 
alone could yield small amount of remediation efficiencies. Hence, better performance and improved biological 
system would be achieved by combining with processes such as coagulation /flocculation and air stripping of 
ammonia as pre-treatment. The adding of two treatments will be more effective and efficient compared to application 
of only one treatment, because a dual-step treatment has the capacity to actualize the benefit of each individual 
treatments, as well as surmounting their corresponding impediments [56]. The incorporation of more than one 
treatment method would be or comprises of physical-chemical in series with biological process. Normally biological 
processes precede physical-chemical methods. Nevertheless, it may be necessary Prior treatment by biological 
process to introduce physical-chemical processes to serve in reducing some contaminant level to some certain 
degree. Combined pre-treatment by coagulation-flocculation, the Fenton oxidation, ozonation and nanofiltration with 
adsorption process have been used with high performance output [29,30]. Similarly, other combined processes that 
had promising results were combining UV/Fenton and sequencing batch biological reactor (SBR), chemical oxidation 
combined with biological treatment, Fenton’s oxidation and activated sludge, Fenton process applied as chemical 
pre-treatment prior to anaerobic process. 
Zhang [57] investigated remediation of stabilized leachate sample from Zhoushan, Zhejiang (China) using Fenton - 
submerged membrane bioreactor- reverse osmosis system. In the process, Fenton-oxidation was formed to deliver 
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more samples for the aerobic SMBR treatment under optimum conditions. The fenton-reactor was loaded using 15 L 
of leachate sample, and the treated effluent was utilized as influent for the Aerobic submerged membrane bioreactor 
(SMBR) to improve the minimisation of organic matters and ammonium. SMBR with an effective volume of 40 L were 
utilized for treatment. A self-made polyvinylidene fluoride (PVDF) hollow fiber module was immersed in the 
bioreactor. Fenton effluent was stored in the tank and constantly pumped into the bioreactors. Consistently air was 
supplied to the bio- reactor at the steady rate (0.1-0.15 m3/h) to impart dissolved oxygen and curtail membrane 
fouling. The MBR effluent was pumped into the Reverse osmosis (RO) modules. The filtration unit comprised of three 
stacks of plate-frame membrane modules, which was set in the serial arrangement with effective filtrating zone of 66 
cm2. The concentrate was then combined with secondary effluent and conveyed back into the feed tank. The 
specimens from the effluent and the concentrate were both collected at the same time as operation continued. The 
results yielded high quality effluent with a COD below 15 mg/L and Ammonia-nitrogen less than 8 mg/L as well as 
membrane fouling was reduced.  
In a research conducted by [58] on the treatment of landfill leachate using combination system that comprise of 
sequence batch reactor (SBR), coagulation, fenton oxidation and biological aerated filtration (BAF) in series. The 
treatment was by means combined plant utilizing a consecutive batch reactor (SBR) as the initial stage, poly- ferric 
sulfate (PFS) coagulation and a Fenton system as secondary treatment and biological aerated filter (BAF) as the 
tertiary treatment. Biological treatment in SBR reactor was run at ambient temperature. The supernatant from the 
SBR was collected and combined together with coagulant PFS at steady pH in a flocculation basin wherein 
coagulation and sedimentation were performed. At that stage the PFS-treated leachate was further treated by Fenton 
system through four stages: oxidation, balance, flocculation and sedimentation. Supernatant from the Fenton 
treatment was collected and pumped into the BAF for last treatment. Aeration was carried out in the reactors from the 
base. The system was found to achieve high COD removal (98%), BOD (99.1%), NH4-N (99.3%), TP (99.3%), SS 
(91.8%), Turbidity (99.2%) and Colour (99.6%). 
Another study of the treatment of stabilized leachate was conducted by [59] applying a combination of advanced 
oxidation using photocatalytic reactor with UV- lamp for continuous irradiation of a coated adsorbent media to treat 
stabilised leachate of Oued smar landfill in Algeria. The photocatalysis analyses were carried out in batch. The 
photocatalytic reactor comprises of a 3 L capacity tank steel chassis menu, a slanted glass plate is coated with the 
photocatalytic media (TiO2, silica and zeolite) on which runs a thin layer of leachate to be treated with a cover under 
which are added three UV-C lamps which ensures constant irradiation of the media. The irradiated leachate obtained 
was then treated with aerated bioreactor. The even recirculation over the catalyst whole surface is achieved by a 
distribution valves. The sample agitation is made with a helical stirrer and the leachate is aerated through using a 
vacuum apparatus. The biological treatment comprised of the establishment of three bioreactors seeded with different 
inoculums ; raw leachate, soil extract from the Oued Smar landfill and lastly the activated sludge. The treatment had 
reduced the initial BOD5 value by 90% and the initial COD by 87%. 
The remediation of leachate from a stabilized landfill employing a combination of air stripping, Fenton, SBR and 
coagulation process was investigated by [60]. In the combined successive treatment test run, air stripping was 
applied to the leachate initially as pretreatment to detoxify ammonia. The effluent was then oxidized in the Fenton 
reactor to deplete bio-refractory compounds. From this point, the effluent from the Fenton treatment was combined 
with sewage at a ratio of 1:3 and conveyed to the SBR unit to enhance the organic matter removal. Thereafter, the 
effluent was transferred into chemical coagulation reactor to contain suspended solids. The integrated treatment was 
run under optimum conditions for all the processes. COD, BOD5, and NH3-N of the effluent were assessed at the 
completion point of each unit process. The general efficiency of the integrated treatment was analyzed and it was 
found that the integrated system achieved an outstanding performance for the removals of COD (93.3%) and NH3-N 
(98.3%). 
Batarseh [61] carried out a study on recalcitrant organic matter removal from landfill leachate by chemical oxidation 
accompanied by biological treatment. Experimentally the oxidation removal efficiency was determined from Fenton’s 
reagent optimization on stabilized leachate samples. It was found that an oxidation removal efficiency of 75 % was 
achieved. oxidation conditions prescribed were pH levels of 3-5, 1.0 g H2O2 per gram COD dosage with a molar ratio 
of 0.4 Fe2 to H2O2 and 15 minutes’ reaction time. The biological decontamination efficiency is correlated with aerobic 
biological degradation of the treated leachate. The BOD meanwhile as carbon/dissolved organic carbon (BOD/DOC) 
was increased from almost zero to 0.15 after oxidation of leachate, indicating 15 % organic carbon persisted after 
Fenton’s reagent was aerobically biodegraded. 
10.     Conclusions 
Leachate treatment has evolved from basic methods to complex individual methods involving advanced processes 
which are influenced by high initial and operational cost. And these treatments individually are limited in capacity to 
treat various category of pollutants. Alternatively, for better efficiency combined treatments are gaining remarkable 
recognition.  Combined treatments of physico/chemical approach in series with biological system such that the best 
performance of each process is realized analogous to a discrete system 
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